Study objectives-To investigate whether public response to an invitation to attend mammography screening can be increased by strategic relocation of the clinics. Methods-Women invited to attend mammography screening were classified by attendance, socioeconomic status, and distance from their screening clinic. A geographic information system was used to investigate whether the response could be increased by relocating clinics to facilitate access.
Breast cancer is a life threatening disease. It can be fatal if left untreated, but if detected early, it can be treated more eVectively and can result in reduced mortality. 1 2 Therefore, there is a strong case for encouraging women to attend a mammography screening programme. Furthermore, although the mammography screening test for breast cancer is expensive when compared with other screening tests, there is a public health obligation on equitable grounds that this service should be accessible and freely available. 3 Unfortunately, there are many reasons why women will not attend a mammography screening programme, including fear, embarrassment, denial, and inconvenience. 4 5 What is not well understood is the simple influence of travel distance to a clinic on the way women respond to an invitation to attend screening. An inconveniently located clinic may be enough to tip the balance between attending or not attending screening. It is possible that it could be more eVective to put clinics close to those disadvantaged groups who have the most diYculty travelling to them. These women may then be more motivated to attend screening, with a consequential beneficial impact on their mortality rate.
In Australia there is a national breast screening programme, BreastScreen Australia, and BreastScreenWA provides a breast screening and assessment programme for the women of Western Australia (WA). We aim, using data from the BreastScreen WA programme, to investigate whether the physical location of mammography screening clinics has an impact on the proportion of women who attend screening, and whether clinic locations can be planned in such a way as to improve the attendance of women from diVerent sections of the population.
This study combines utilisation data with spatial modelling of diVerent locations for clinics. It investigates the benefits of providing better access for women from disadvantaged areas in line with the principle that publicly funded services should be made equitably available to all sections of the community.
Background to the BreastScreenWA programme
In 1989, BreastScreenWA began screening as a pilot programme, and by May 1995 had been extended to cover the state. Screening is currently provided from six fixed site metropolitan clinics and four mobile buses equipped as mammography screening centres: one operates in the northern part of the state, two operate in the more populated south, and the fourth services the outer areas of metropolitan Perth. All services operate throughout the year. 5 6 The programme targets women aged 50-69, but younger women (40-49 years) and older women may attend if they wish. Names and addresses of potential clients in the target age group are taken from a special extract of the electoral roll that contains the exact date of birth of each woman. There are two target groups: women who require a review or a two year anniversary mammogram, and women for whom there is no record of a previous screening. Invitations for this second group of women are rotated through the suburbs in the catchment area of each clinic. Women with abnormal mammograms have the choice of being referred to their general practitioner or to one of the BreastScreenWA breast assessment centres.
Method

STUDY METHOD
We determined the response rate to invitation to attend screening by level of social disadvantage and distance from the clinic. We then used these study data to extrapolate and compare the response rates to the closest existing clinics and to a new set of hypothetical clinics that were located as closely as possible to the target women living in disadvantaged areas. We also compared the number of attendances by level of socioeconomic status at existing clinics with the hypothetical clinics.
STUDY POPULATION
The study population consisted of women who had been invited to attend any of the six mammography screening clinics in the Perth metropolitan area during two one week periods. The weeks were eight weeks apart so that, as invitations were extended to women from the diVerent suburbs, the study included women with a range of travel distances to their clinics. The first week was selected at random. There were two groups of women: registered clients who required a two year anniversary mammogram, and new clients who had no record of being previously screened.
The study data provided the client's address, the name of the clinic she had been invited to attend, the date of appointment, the date on which the client had the mammogram, and her screening status (new or registered client). The residential address of each woman in the study data was geocoded using a geographic information system (GIS). 7 ASSIGNMENT OF LEVELS OF SOCIAL DISADVANTAGE Collectors' districts are the smallest areas used by the Australian Bureau of Statistics for the collection and distribution of census data. Each one covers approximately 200 households, and the mean area is 2.5 km 2 (median= 0.3 km 2 ). All collectors' districts in the Perth metropolitan area have individual indices of socioeconomic status, assigned by the Australian Bureau of Statistics using the population census data of 1991. 8 These indices were computed using principal components analysis of the seven household attributes (for example, income, rented/owned accommodation, car ownership) and 10 individual attributes (for example, qualifications, schooling, employment status) related to diVerent levels of social disadvantage. The metropolitan collectors' districts were divided into five groups with diVerent levels of social disadvantage. The first group encompassed the population living in the most disadvantaged areas (10%), the second group encompassed the population living in areas with the next level of social disadvantage (15%), and the other three groups each comprised the population living in areas with increasingly less social disadvantage (25% each). 9 Using a GIS, the geocoded residential address of each woman in the study data was intersected with a boundary map of collectors' districts, and assigned the level of social disadvantage of that district.
LOCATION OF MAMMOGRAPHY CLINICS
The screening service was provided from six clinics at fixed sites in metropolitan Perth. Using a GIS, the address of each fixed clinic site was geocoded.
DISTANCES TO SCREENING CLINICS
The shortest distance by road was measured from each woman's address to her clinic using ArcInfo software (Redlands, California, USA). 10 Logistic regression using fractional polynomial transformations of travel distance showed that distance had a significant eVect on response to screening for new clients. 11 12 Based on these preliminary results, distance from clinics for all clients were categorised into two groups, <3 km or >3 km.
RESPONSE TO INVITATIONS FOR CLINIC
ATTENDANCE
The response to the invitation to attend screening was estimated empirically for each sub group of women defined by screening status, distance from the clinic, and level of social disadvantage.
TARGET POPULATION
The 1991 population of women aged 45-64 years (a target group who would be aged 50-69 years in 1996) in each collector's district were located at the spatial centroids (areas defined as the point of intersection of a line joining the mid-points of the opposite sides of the smallest square, in the north-south orientation, that can be described around each area) of their district. 13 The total number of women was 104 876.
MODELLING THE LOCATION OF NEW CLINICS
A set of six theoretical clinics (to replace the existing set of clinics) was located such that the sum of the road distances to the closest clinic for women in the most disadvantaged collectors' districts, was minimised. 10 The road distance to these new clinics was calculated for all women, regardless of the level of social disadvantage. Each distance was categorised as <3 km or >3 km, and by collector's district based level of socioeconomic status. The road distances for all women from collectors' districts to the existing clinics were similarly calculated and categorised.
APPLYING STUDY DATA RESPONSES TO THE
TARGET POPULATION
We estimated the expected numbers of women from the target population who would be new clients and who would attend the screening service, using the response observed from the study data, the target population data, and the distance for each population group from the closest clinic, for each level of social disadvantage and distance to closest clinic. We also calculated the expected response for the theoretical clinics and compared this with the expected response to invitations to attend the existing clinics.
Results
ALLOCATION OF CRITICAL RESPONSE DISTANCE (REGRESSION USING FRACTIONAL POLYNOMIALS)
The model with the best fit to explain response to screening by distance and level of social disadvantage was obtained from two fractional terms for distance-the inverse of the distance and the inverse of the square root of the distance-and an ordinal measure of social disadvantage. We obtained a notional odds ratio of 1.78 (95% CI 1.03-3.08) for the first distance term, and 0.20 (95% CI 0.04-1.08) for the second distance term, and an odds ratio of 1.08 (95% CI 0.99-1.18) for social disadvantage. Using this model, a plot of the residuals from the regressions indicated that the best fit curve had a turning point of higher to lower response at approximately 2.5-3 km. Figure 1 shows the predicted response curve from the regression.
These data are validated by tabulations (table 1) that show the decrease in the response by the most disadvantaged groups to the invitation to be screened as the distance from the clinic increases.
RESPONSES TO SCREENING WITHIN THE STUDY
POPULATION
The study data provided by BreastScreenWA comprised 5316 records of which 5130 (97%) were able to be geocoded. Table 2 shows the distribution of the study population stratified by road distance from the clinic of invitation, collector's district based level of social disadvantage, screening status, and response to the screening invitation. Registered clients had a response rate of 53%. This varied from 48% to 56% over diVerent levels of social disadvantage. The response of new clients was 9.4%, and this varied between 7.9% and 11.1% at Four sets of results are provided in table 3: the expected proportion of the study population who would be newly invited clients and attend screening (the number of new clients who attended screening divided by the total number of new and registered clients); the number of women in the total target population; the expected numbers of the target population who would be newly invited clients and who would attend screening (the product of the study proportion and the population figures); and the potential gain in the number of women attending the newly located clinics instead of the existing clinics.
The results showed that placing clinics closest to areas of greatest social disadvantage had the expected result of increasing the number of new clients who attended screening from those areas. For example, of the total target population of 104 876 women, 1582 women lived in the most disadvantaged areas within 3 km of their closest existing clinic. Applying the study data proportion for this group of 0.1042, gave an expected number of 165 women who would attend the existing clinics, and 304 women who would attend one of the hypothetical clinics. This gain was due to both the increase in the number of women who were now closer to the clinics and the higher response to screening in this group.
Discussion
We have shown that it may be possible to increase the number of women responding to an invitation to attend mammography screening by relocating existing clinics. Our results were achieved by modelling the location of clinics towards more disadvantaged areas, where the response of new clients was higher when distances were reduced.
SAMPLE SIZE
These results are based on data from a sample of 5130 women who had been invited to attend screening during two, one week periods (4% of the annual number). The number of respondents in some categories was low and further work with a larger sample could be used to validate the results.
SCREENING AT PRIVATE CLINICS
It is possible that some of the women who did not attend for screening may have been using a private screening service. There was no information available from the data about the previous screening histories of these women. However, a 1996 survey of attendees at the six BreastScreenWA clinics in Perth, in the same two one week periods, showed that 17% of women had never had a mammogram before, nearly 50% were returning to a Breast-ScreenWA clinic for further screening, and approximately 30% were first time attendees who had previously attended a private clinic. 14 Although this number of privately screened clients may seem high, one major private clinic had recently closed and five of the six BreastScreenWA clinics had been opened during the previous three years. Therefore, the figures of previous private attendances should not be expected to remain at such a high level, although the impact of these changes on the current results is unknown. It should be noted that any possible eVect of bias of attracting only women from higher socioeconomic groups to private clinics, may be mitigated through the government rebate scheme for uninsured women who use private clinics. The population modelling made several assumptions. We assumed that it was appropriate to categorise women by level of social disadvantage according to their collector's district of residence. However, given that collectors' districts were small and that like neighbourhoods cluster together, it was not an unreasonable assumption that women from each area would be similar to one another. We further assumed that all women in each collector's district would travel from the spatial centroid to the clinic nearest to that centroid. It has been shown that this distance measure is a good estimate of the sum of the distances from individual residential locations, and that the size of collectors' districts make misclassification to the closest individual clinic small. 15 Violation of this assumption may only occur if a woman elects to attend a more remote clinic for personal reasons. Again, we assumed that each woman travelled to the clinic by the shortest road distance. While some women used public transport, a survey of mammography attendees showed that only 14% did so and that most of these women were travelling from work within the city area to a city clinic. 14 
RESPONSE TO DISTANCE BY DIFFERENT SOCIAL
GROUPS
There are many references in the literature to the eVect of distance on utilisation and placement of medical services, with a definitive statement by Knox that "distance from home to surgery is undoubtedly the key factor in the choice and utilisation of family doctors" and that "distance has a marked eVect on consultation rates". 16 Other authors have commented on the distribution of services in relation to areas of social disadvantage, most notably in Hart's work on the Inverse Care Law and the Black Report. [17] [18] [19] [20] [21] [22] However, there is little empirical evidence in the literature of the eVect of distance on the response to screening by different social groups, where the intention is prevention rather than treatment. We have shown that the relocation of screening clinics may increase the response rate for clients from disadvantaged areas. However, there was a net gain of only 53 clients, 43 of whom were from the most disadvantaged areas. The modelling methodology used in this study ensures that clients from the most disadvantaged areas will have the least possible travel distances, but as a consequence some other clients may be spatially disadvantaged. If these clients are predominantly from less disadvantaged areas, and if they are less aVected by distance factors, then our modelling may overestimate the change in the response for these groups. Further work on the diVerential reaction to distance by diVerent social groups may be able to provide answers to some of these questions.
IMPORTANCE OF SCREENING DISADVANTAGED
WOMEN
It has been shown by other research that the mortality from breast cancer is higher in women from more disadvantaged areas. 23 EVective interventions (screening and treatment) must therefore be directed to women from disadvantaged areas in order to reduce this mortality. Given Western Australia's experience with the use of mobile buses equipped as screening clinics, there may be opportunities to oVer screening in metropolitan areas from buses rotating through disadvantaged areas, thereby overcoming the potential barrier of distance for the target women.
Policy implications
The practical implications of this work are that scarce resources could be used in a more eYcient way. Mammography screening is not inexpensive and the clinics have high individual overheads of equipment, courier services for films (which are read centrally), lease costs, and staV expenses. The marginal cost of one unnecessary clinic represents a considerable drain on programme resources and a significant opportunity cost. Relocating the clinic to new leased premises is well within the bounds of what is practically achievable for public health planners. Indeed, before this study, some Western Australian clinics had been relocated. Using methodology from this study the anticipated eVect on response of the target population can now be taken into account.
